Background and aims. Irrational prescription of antibiotics by clinicians might lead to drug resistance. Clinicians do
Introduction
anagement of oral infections represents a big portion of the work handled by oral health care providers; therefore, time and again, they have to prescribe antibiotics to contain or prevent infections. These infections could either be dental, periodontal or originate from any changes that alter the balance between endogenous bacteria and host defense mechanisms. Although a number of studies on antibiotic use have been carried out, controversies still exist in areas such as prophylaxis, interactions with contraceptives, indications in medically compromised patients and their use after both minor and intermediate oral surgical procedures. [1] [2] [3] [4] [5] [6] These controversies lead to inappropriate and unwarranted antibiotic use in human and veterinary medicine,. This misuse contributes to development of specific antibiotic-resistant strains. 7 Bacteria in most oral infections are indigenous to the oral cavity and the effective antibiotics against them are known. However, reports of emerging resistant strains to these drugs are worrisome. 8, 9 One of the major causes of this emerging resistance is inappropriate use of antibiotics. This leads to selection and dominance of resistant microorganisms, which could transfer resistance genes from antibiotic-resistant to susceptible microorganisms. 9 Improper antibiotic use includes too low a dose, too long a duration, wrong choice of antibiotics, improper combination of antibiotics and therapeutic or prophylactic use in unwarranted/unproven clinical situations. [8] [9] [10] The emergence of resistant strains is not only dangerous to the affected individual but also has serious public health implications. When the resistant strains affect the community, there is an added health care cost of changing to more expensive antibiotics. 11 One way of preventing development of antibiotic resistant strains is by the rational use of these drugs. However, this can only be possible if the health care providers are aware and adhere to available antibiotic prescription guidelines. [1] [2] [3] 8, 12, 13 Additionally, they should be updated of emerging resistant strains. Despite the existence of guidelines, there are differences in levels of knowledge and approach to antibiotic prescription among professional oral health care providers. [1] [2] [3] 8, 14 For instance, although rifampicin is the only antibiotic proven to interfere with contraceptive efficacy, 61.5% of Maltese dentists warned women of childbearing age of the potential interactions of penicillinbased drugs with oral contraceptives. However, 30 .8% of them never cautioned patients of the potential teratogenic effects of metronidazole. 2 In Kuwait, despite the fact that over 80% of dentists did not have any additional postgraduate training on antibiotic therapy, higher knowledge regarding adequate indications for antibiotic use was associated with longer professional experience. 15 In a Norwegian study, 16 it was found that 20% of the dentists did not know that amoxicillin is a penicillin-based drug. We did not come across any published studies on antibiotic prescription pattern of oral health care providers in Uganda. The aim of the present study was to determine the knowledge of antibiotic use and prescription pattern among oral health providers in Uganda.
Material and Methods
This was a descriptive cross-sectional study.
Study population
The study sample consisted of registered oral health care practitioners (n = 350) working in different parts of Uganda. These practitioners included dental surgeons and public health dental officers (PHDOs). The PHDOs are the equivalent of dental therapists/hygienists elsewhere. They are supposed to work under the supervision of dental surgeons, but due to limited financial resources and low numbers of dental surgeons, the PHDOs most times provide oral health care, including antibiotic prescription without supervision.
Survey tool (questionnaire)
A structured questionnaire was designed, pre-tested and then physically delivered or posted along with a self-addressed prepaid postage envelope to all the registered and practicing dental surgeons and PHDOs in Uganda (see Additional file 1). The respondents were requested to mail back the filled questionnaires within 2 months of receipt. The questionnaire included socio-demographic factors and questions that elicited responses regarding antibiotic prescriptions. The information was kept confidential by eliminating all the possible personal identifiers. The knowledge of respondents was evaluated based on recommended guidelines and standards.
ences between respondents based on qualitative variables. The time since the respondent last attended a continuing professional development (CPD) course on antibiotic use was categorized as ≤2 years and >2 years. The time since the respondent started dental practice was categorized as: group A: ≤ 5 years; B: 6-10 years; C: 11-15 years; and D: ≥ 16 years. The level of significance was set at 5%.
Results
Of the 350 survey questionnaires mailed, 140 (40.3%) were returned, of which 52.9 % (n = 74) were from PHDOs and 47.1% (n = 66) from dental surgeons. One hundred four (74.3%) of the respondents were male and 21.4% (n = 30) were female. Six of the respondents did not specify their sex. The proportions of respondents in groups A, B, C and D based on time in dental practice were: 52.9%, 17.1%, 18.6%, and 10.0%, respectively.
Ninety-four (67.1%) of the respondents had attended a CPD course on antibiotic use in the last one year, 8.6% at least once in the last two years, and 7.1% in the last five years while 4.3% reported not having had any since commencement of dental practice. The most common source of the CPD was from drug sales representatives with 28.6%; self-directed learning with 25.7%; conferences with 14.3%; journal clubs with 5.7%; dental schools with 4.3%; hospitals/clinics with 1.4% and a combination of the above with 10.0%. The respondents who were working in public health facilities were 40%; private, 37.1%; training institutions, 12.9%; nongovernmental (NGO) not-for-profit health facilities, 5.7%; a combination of public and private, 2.9%; and public and NGO, 1.4%. The PHDOs and the female respondents were significantly more influenced by the patients into prescribing antibiotics than their respective counterparts (P = 0.001, Table 1 ). Seventy-six (54.3%) of the respondents gave at least one correct guideline on the use of antibiotics in pregnancy while 35.7% gave inappropriate ones. Antibiotic guidelines for lactating mothers also yielded several responses with 54.3% considered appropriate, 21.4% inappropriate and the rest with no response to the question. Over seventy-two percent of the respondents did not have any information regarding potential antibiotic-contraceptive interaction. The knowledge on antibiotic prophylactic use was significantly higher among dental surgeons (P = 0.001) and in private practice (P = 0.005) as compared to their respective counterparts (Table 1) . Forty percent of the respondents gave appropriate indication for prophylactic antibiotic use in dentistry while 44.3% were not considered right. The rest did not reply the question. Knowledge on indications for culture and sensitivity testing was correctly replied by 60% of the respondents while 25.7% did not have any idea. Only 1.4% of the respondents reported the right guidelines in deciding which effective antibiotics to prescribe.
Therapeutic and prophylactic use of antibiotics
The antibiotic predominantly prescribed after any form of treatment either as a single drug or in combination was amoxicillin. The combination of amoxicillin together with metronidazole was most frequently prescribed followed by co-trimoxazole and metronidazole, crystalline penicillin and gentamicin. Figure 1 shows the four most commonly used antibiotics subsequent to different dental procedures. The respondents were also asked on the frequency of antibiotic prescription after specific dental treatment and the results are shown in Figure 2 .
All the respondents mentioned amoxicillin and metronidazole as their drugs of choice for prophylactic use. There was no respondent who mentioned the alternative drug(s) in patients allergic to specific antibiotics.
Discussion
Many factors have been reported to influence antibiotic prescription pattern among dental health care practitioners. These range from culture, patient preferences, treatment methods, prevalence of disease, available resources, payment systems, education background, and the existence and application of clinical guidelines. 15, 16, 19, 20 In the present study, 67.1% of the respondents had some form of continuing professional development on the use of antibiotics in the last one year, particularly from drug sales representatives. This is not an appropriate source of CPD since the priorities of the drug sales representatives are about sales volumes. The drug information they give may not be evidence-based, additionally they may recommend antibiotics of questionable efficancy. 21 Training background in dentistry has been reported to have an influence on antibiotic prescription.
14 The PHDOs were significantly more influenced by the patients into prescribing antibiotics during treatment as compared to dental surgeons (Table 1 ). In Uganda, the dental surgeons and PHDOs are trained under different curricula and by trainers with different qualifications, which could partly explain the observed difference in patients' influence. The female dental health care practitioners were also signifi-cantly more influenced by patients into prescribing antibiotics as compared to their male counterparts ( Table 1 ). The gender difference in the prescription of drugs has been reported by other authors, 22 but the reasons for the observed trend are not obvious.
Approximately 54.3% of the respondents gave a correct response on the knowledge about antibiotic use for expectant and lactating mothers. Some of the wrong answers given by the respondents included: increased risk of infection during pregnancy, pregnancy as a contraindication for dental treatment while some singled out wrong antibiotics such as amoxicillin as the cause of stained teeth among children when given to lactating mothers.
In the present study, 72.9% of respondents did not have any knowledge regarding potential antibioticcontraceptive interaction. This finding was very different from Montazem, 2 who reported that 61.5% of Maltese dentists warned female patients of the potential interaction. Although the veracity of this information, except for rifampicin, is still controversial, 4, 5 the fact that such a high percentage of the respondents had not heard of it is a source of concern.
The indications for antibiotic prophylaxis in dentistry are not etched in stone due to frequent updates and changes in guidelines, 2, 12, 23, 24 In the present study, 44.4% of the respondents gave wrong indications for prophylactic use of antibiotics. This finding confirms previous reports. 17, 25 The wrong indications are further complicated by anecdotal reports of infection after dental extractions. 26 It is also worth noting that although diabetes mellitus was taken as a correct answer very few respondents listed non-/poorlycontrolled diabetes mellitus as their indication. This suggests that there is need to instruct oral health care providers in specific prevailing conditions that warrant prophylactic antibiotic use. 19, 23, 24 A combination of amoxicillin with metronidazole was the most commonly prescribed antibiotics subsequent to different dental procedures (Figure 1 ). However, most reports 15, 16, 20, 25, 27, 28 on antibiotic use in dentistry show amoxicillin or other penicillinbased drugs to be the most commonly used. This trend is based on the established efficacy of penicillin-based drugs on bacteria involved in odontogenic infections. 8, 29, 30 Increasingly resistant strains are be- ing reported in odontogenic infections, 31, 32 hence the need for constant antibiotic pharmacovigilance. Similar to a Nigerian study, 33 our respondents gave co-trimoxazole as one of their antibiotics of choice. This is a cause for concern since over-consumption of co-trimoxazole and emerging resistance of organism for which it is used as a prophylactic agent has been reported. 34 In corroboration to previous reports, 27, 28, 33 our respondents revealed very frequent use of metronidazole alone or in combination with other antibiotics (Figure 1) . In fact at one time in Britain, metronidazole accounted for the highest number of antibiotic prescriptions by dentists. 35 In the present study up to 38% of respondents always prescribed systemic antibiotics following routine extraction (Figure 2 ). Previous studies, 17, 36 have recommended antibiotic prescription after extraction in the presence of relevant medical history and localized or generalized swellings. Although a high level of bacteremia follows tooth extraction compared to other oral surgical procedures, 37 the routine use of antibiotics is not warranted.
In our study, over 40% of the respondents routinely or frequently prescribed systemic antibiotics in periodontal therapy. However, 55.7% of the respondents gave correct indication for their use. Although systemic antibiotic therapy can provide great benefit to periodontal patients who do not respond to mechanical periodontal therapy and those with acute periodontal infections associated with systemic medical conditions, its routine use is not recommended. 37 Amoxicillin in combination with metronidazole was the overwhelming choice of antibiotic by most respondents (Figure 1) . Amoxicillin, which is a newer generation penicillin, has the same grampositive spectrum as benzylpenicillin, in addition to gram-negative spectrum. However, there is increasing evidence that quite a number of gram-negative organisms are developing resistance to it. 31, 32 The frequent use of amoxicillin may have a role in the emerging resistance.
Conclusion
The present study showed that although the majority of the dental health care practitioners in Uganda had been exposed to CPD on antibiotic use during the previous one year, their knowledge on antibiotic use was generally low. A combination of amoxicillin with metronidazole was the most commonly prescribed antibiotics subsequent to different dental procedures. Sensitivity tests to the most commonly used antibiotics should routinely be carried out to establish drug effectiveness and establish any emerging resistance.
Additional file 1. Antibiotic use in dentistry in Ugandan (Self-administered questionnaire). This material (Word 97-2003 Document) is available online.
